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yjIbTPA3ByKOBOH CnOCOB H3MEPEHM PACXOAA DiCHAKHX 
H/HJIH rA300BPA3HbIX CPEJO, H YCTPOftCTBO flJIH EFO 

OCVmECTBJIEHHH, 
OGjiacTb xexHHKH 

5 HsoSpexeHHe othochtch k MSMepHxensHOH xexHHKe, b nacTHOCTH k 

yjibxpasByKOBbiM cnoco6aM H3MepeHH>! pacxoAa ^kh^khx h/hjim 
ra30o6pa3Hbix cpcA h ycxpoficxBaM jxsih ero ocymecxBJieHHH. 

npeamecxByiomHH ypoBCHb xexHHKH 
MasecxeH yjiBxpasByKOBoii cnocoS H3MepeHHH CKopocxH noxoKa, 
10 ocHOBaHHBiH Ha pa6oTe b o^hom 3jneKxpoaKycxHHecKOM Kanajie 
oflHOBpeMCHHo AByx cHHxpoKOJieu, oflfio H3 Koxopsix pa6oxaex no noxoKy, 
Apyroe-npoxHB noxoKa (Abx.cb. CCCP K2802790, kji G OIF 1/66, 1981). 

OanaKO HSBecxHbiH cnocoG He o6ecneHHBaex AOcxaxoHHyio xohhocxb 
HSMepeHHH CKopocxH DOxoKa, no KOxopoH MOMCHO cy^iHXb o pacxofle 
15 TKHflfiioPi h/hjih rasooGpasHoii cpeAfci. 

Ilo xexHHHecKOM cymHocxH HaH6ojiee 6jih3khm k npefljiaraeMOMy 
cnoco6y hbjihcxch yjibxpasByKOBOH nacxoxHO-HMnyjibCHbiH cnoco6 

H3MepeHHH paCXOfla, 3aKJlIOHaK)IHHHCH B 06pa30BaHHH B OflHOM 

H3MepHTejibHOM KaHajie Asyx CHHxpoKOJieu, BKjnonaiomHX H3JiyHeHHe 
20 yjibxpa3ByKOBbix KOJie6aHHH no noxoKy HSMep^eMofi cpcAbi h npoxHB Hero, 
npHeM npoineAiuHX cpe^y KOJie6aHHH h npeoGpasoBaHwe mx b 

3JieKXpHHeCKHH CHFHaJfl, npHHCM B KaXCflOM CHHXpOKOJIbUe 3JieKXpHHeCKHe 

cwrHajibi nepeAaioxcH no jihhhh cbh3h, H3MepeHHe nacxoxbi cjieAOBaHHH 
CHPHajiOB B Ka^AOM CHHxpoKOJibue H onpcAejieHHe sejiHHHHbi pacxoAa 
25 npoH3BOAHX no pa3HocxH M3MepeHHbix Hacxox (cM.nax. PO Jsr22 104498, kji 
GOl F 1/66, ox 16.02.93). 

OAHaKo H3BecxHbiH cnoco6 He o6ecneHMBaex AocxaxoHHyio xoHHOcxb 
M3MepeHHH pacxoAa cpeAbi, xaK KaK H3MepeHHe npoHSBOAHxcn jiHiiib no 
pesyjibxaxaM^ aHajiH3a sjieKxpHnecKHX CHraajiOB, npeo6pa30BaHHbix ox 



wo 2005/098374 



PCT/RU2005/000091 



2 

yjibxpasByKOBbix KOJie6aHHH, npomefluiHX nanpHMyio ot 

npeo6pa30BaTejiH k npeo6pa30BaTejiK), hto cHH)KaeT (^yHKUHOHajibHbie 
B03MO>KHOCTH CHOCoGa H He AacT onpeACJieHHe cKopocxH noTOKa b paanbix 
TOHKax ceMCHHH xpySbi. 
5 HsBecTCH yjibxpasByKOBOH HacTOXHO-HMnyjibCHbifi pacxoflOMep, 

coflepHcamHM npeo6pa30BaTejib pacxoAa, BbinojiHenHbifl b BH^e fleyx 
sjieKxpoaKycTMHecKHX npeoGpaaoBaxejieH, ycxaHOBjieHHbrx na 
HSMepHxejibHOM ynacxKC xpy6onpoBOfla h CBHsaHHbix c 3JieKxpoHHbiM 
6noKOM JiHHHeH CBH3H, a xaK»ce acHHxpoHHbie nepcKJiioHaxejiH, 

10 ycxaHOBJieHHbie napajiJiejibHO Bxoay h Bbixo^y jihhhh cbh3h (cM.naix. PO 
X22 104498, KJi GOl F 1/66, ox 16.02.93). 

OAHaKO HSBecxHoe ycxpoHCXBO He oSecneHHBaex AOCxaxoHHyio 
xoHHOCxb HSMepeHHH pacxofla cpe^bi, xaK KaK He Aaex onpeaejieHHH 
CKopocxH a pasHbix xoHKax ceneHHH xpy6bi. * 

15 no xexHHHecKOH cymnocxH HaH6ojiee 6jim3KHM k npefljiOHceHHOMy 

ycxpOHCXBy asjiaexca yjibxpa3ByKOBOM pacxoAOMep, coaepjKamHM nepBbiH 
H BxopoH nbesoHSJiynaxejiH, ycxanoBJieHHwe na H3MepHxejibHOM ynacxKe 
xpy6onpoBOAa noa yrjiOM k ero och, ycHJiHxejib MomnocxH, nepes nepBWH 
yMHo:HCHxejib nacxoxbi, coeflHHeHHbiH co BxopbiM nbe30H3JiyHaxejieM, 

20 renepaxop HenpepwBHbix KOJie6aHHH, Asa 4^HJibxpa, nepBbift 
4)a30Bpamaxejib, coeAHHCHHWH c nepBbiM bxoaom ^asoMexpa, Bxopoft 
yMHO^Hxejib nacxoxbi, coeflHHeHHbiH co BxopwM bxoaom 4>a30Mexpa, 

BblXOA KOXOporO COeAHHCH C HHAHKaXOpOM, nepBblH H BXOpOH 

nbe3onpHeMHMKH, nepBbm h BTopoH ycMJiHxejTH orpaHHHHxejcH, Bxopofi 
25 4)a30Bpaunaxejib, Moay/iflixop h renepaxop npflMoyroJibHbix HMnyjibCOB 
(cM.aBX.CB. CCCP Xol599659,KJi GOlFl/66, 22.09.87). 

OAHaKO H 3XO H3BecxHoe ycxpoHCXBO He o6ecneHHBaex BbicoKyio 
xoHHOcxb H3MepeHH5i pacxo^a BemecxBa, xaK KaK H3MepeHHe npoHSBOflHXCH 
xojibKo no OAHOMy nyxH npoxoKfleHHH yjibxpasByKOSbix KOJie6aHHH b 
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HSMepHxejibHOM ynacTKC TpySonpoBOfla h He npoH3BOAHTC^ 

no j^pyrHM ynacTKaM. rioaxoMy ne oGecnenHBaercH H3MepeHHe anropw 
CKopocTH noTOKa no ceneHHio Tpy6bi. 

KpoMe Toro, b H3BecTHfcix TexHHHccKHx pemeHHHx ocH ;iHarpaMM 
5 HanpaBJTCHHOCTH yjiBxpasByKOBbix npeoGpasoBaxejiefi ne 

nepneHAHKyjiHpHbi k npoflOJibHOH och xpyGonpoBOAa, a BHeuiHHe 
H3JiyHaK)mHe noBepXHOcra ne coBMemenbi c BHyTpeHneft nosepxHOCXbio 
xpy6onpoBOfla. 

3xo npHBOflHx K o5pa30BaHHK) yrjiyGjieHHH, Koxopbie HCKa^caiox 
10 npo4)HJib noxoKa m naKanjiHBaiox sarpHSHCHHH. 

PacKpbixHe H3o6pexeHHH 
B ocHOBy H3o6pexeHHfl nocxaBJiena saaana yBejiHneHHe HaaeHCHocxH 
H XOHHOCXH H3MepeHHH pacxoj^a HCHjiKOH h/hhh ra30o6pa3HOH cpeflbi 3a 
CHex yMCHbinenHH HCKa^KeHHH npo4)HJiH tkhjxkou h/hjih rasooGpasHOH 

15 Cpeflbl H HCKJlIOHeHHH 3arpH3HeHHH. 

3xa ssLAaHB, pemaexcH xeM, hxo, corjiacHO nepBOMy H3o6pexeHHio, 
yjibxpa3ByKOBOH cnoco6 H3MepeHM5i pacxo^a mchakhx h/hjih ra30o6pa3Hbix 
cpefl BKJiiOHaex H3JiyHeHHe yjibxpasByKOBbix KOJie6aHHH no noxoKy hjih 
npoxHB noxoKa HSMepneMoii cpeflbi, npHCM npomeAUiHX cpe^y KOJie6aHHH 

20 c npeoGpasoBaHHCM b anexxpHHecKHe CHXHajibi h HSJiyneHHe 
yjibxpasByKOBbix KOJieGaHHH npoxHB noxoKa h;ih no noxoKy HSMepHCMOH 
cpeflbi, npHCM npomefluiHX cpe^y KOJie6aHHH c nocneayiomHM 
npeo6pa30BaHHeM b ajieKxpHnecKHe CHraajibi, auanm BbimeyKasaHHbix 
3JieKxpHHecKHx CHrnajioB ann onpeaejieHHH pasHocxH spcMeHH 

25 npoxo^fleHHfl yjibxpasByKOBbix KOJie5aHHH no noxoKy h npoxHB nero arh 
Bbi4HCJieHHfl pacxoAa cpeAW, npn 3xom Hcnojibsyiox KaK MHHHMyM abb 
o6paxHMbix sjTeKxpoaKycxHHecKHX npeoSpasoBaxejiH, Ka^AtiH h3 Koxopwx 
HMeex AHarpaMMy HanpasjieHHOcxH c yrjiOM pacxBopa ne Menee 60^ b 
pa3Hbix njiocKOCX5ix cqhchhk h pacnojio^eH na HSMepHxejibHOM ynacxKe 
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TpySonpoBOAa xaKHM oSpasoM, hto ocb AHarpaMMW HanpasjieHHocTH 
npeHMymecTBeHHO nepneHflHKyjiHpHa k npoAOJibHOH och Tpy6onpoBOfla, 
nepsbiH oSpaxHMbiH 3JieKTpoaKycTHHecKHH npeoGpaaoBaxejib cMcmeH 
OTHOcHTCJibHO BTopoFo uo HanpaBJieHHK) noTOKa Ha paccTOHHHe He Sojiee 
5 2,5 D, rfle D — AwaMexp xpyGonpoBOAa, npHHeM BbimeynoMHHyxbiM anajiHS 
npoM3BOflHx KaK 3JieKxpHHecKHx CHFHajiOB , npeo6pa30BaHHbix ox 
yjibxpasByKOBbix KOJie6aHHii, npouieAiuHX nanpHMyio ox npeo6pa30BaxejiH 
K npeo6pa30BaxejiK>, xaK h/hjih ajiCKxpHHecKHX CHraanoB - ox 
ynbxpasByKOBbix KOJieSaHHH, npomeAiuHX nepes OAHOKpaxHoe vl/ujih 
10 MHoroKpaxHoe oxpa^KCHHe ox BHyxpeHHeii noBepxHocxH xpy6onpoB0Aa. 

CorjiacHO BxopoMy H3o6pexeHHK>, ynbxpasByKOBofi pacxoAOMep, 
coAepMCHx 6jiok ^opMHpoBanHH H aHajTH3a ajiCKxpHHecKHX HMnyjibcoB, 

ajICKXpHHeCKH CBHSaHHblil, KaK MHHHMyM C RByUH oGpaXHMblMH 

aneKxpoaKycxHMecKHMH npeoGpasoBaxejiHMH, Ka)KabiH h3 Koxopbix HMeex 
15 AHarpaMMy nanpaBjieHHOcxH H3JiyHeHHH h npHeMa c yrjiOM pacxBopa He 
Menee 60^ b hjiockocx^x ceneHHH h pacnojioHcen na H3MepHxejibHOM 
ynacxKe xpy6onpoBOAa xaKHM o6pa30M, hxo ocb flHaipaMMbi 
HanpaBJiCHHOcxH npeHMymecxBenno nepneHAMKyji^pna k npoAOJibHOM och 
xpy6onpoBOAa, nepBbiH o6paxHMbiH 3JieKxpoaKycxHHecKHH 
20 npeoGpasoBaxejib cMemen oxHOCHxenbHO Bxoporo no HanpaBJieHHio noxoKa 
Ha paccxoHHHe He 6ojiee 2,5 D, r^e D - AHaivrexp xpy6onpoBOAa, npHHeM 
BHeiuHHfl H3JTyHaK)inaH noBepxHocxb Ka^floro o6paxHMoro 

3JieKxpoaKycxHHecKoro npeo6pa30BaxejiH npeMMymecxBeHHO coBMemena c 
BHyxpeHHeii noBepxHOCxbK) xpyGonpoBO^a, KpoMe xoro nepBbiH h BxopoH 
25 o5paxHMbie 3JieKxpoaKycxHHecKHe npeo6pa30BaxejiH pacnojiOHcenbi na 
OAHOH o6pa3yK)meH xpy6onpoBOAa c o6ecneHeHHeM npoxo>KAeHHH 
HMnyjibca yjibxpa3ByKOBbix K0Jie6aHHH ox oahofo k ApyroMy nocjie n- 
KpaxHoro oxpa>KeHHH, fac n - uenoe hhcjio, ne npeBbimaioinee 20, ox 
BHyxpeHHCH noBepxHOCXH xpy6onpoBOAa, a xaKHce nepBbiM h Bxopoii 
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oGpaxHMbie ajieKxpoaxycTHHecKHe npeoGpaaoBaxejiH pacnojio^eHbi na 
pasHBix o6pa3yK>mHX xpyGonpoBOAa c o6ecneHeHHeM npoxo)KAeHHa 
HMnyjiBca yubxpasByKOBbix KOJie6aHHH ox oflHoro k apyroMy nanpHMyio 
h/mjih nocjie m-KpaxHoro oxpaiHceHJw, r^e m - uejioe hhcjio, hc 
5 npeBbiiuaioJuee 20, ox BHyxpeHHeH noBepxHOCXH xpy6onpoBOfla, KpoMe 
xoro 6jiok 4)6pMMpoBaHHH H anajiHsa 3JieKxpHHecKHX HMnyjibcoB 

COflep)KHX KOHXpOJIJiep, 3JieKXpHHeCKH CBHSaHHblH KaK MHHHMyM C flByMH 

KaHajibHbiMM npHCMonepeAaxHHKaMH, AByMH AlJpn, renepaxopoM 
HMnyjibcoB, HHflHKaxopoM H y3JiOM HHxep4)eHca, npHHeM renepaxop 
10 HMnyjibcoB 3JieKxpHHecKH cBH3aH c KaHajibHbiMH npHCMonepeziaxHHKaMH, 
Ka^biH H3 Koxopbix B3aHM0CBH3aH c cooxBexcxByiomHM AUn H c 

COOXBeXCXSyiOmHM BXOAOM-BBIXOAOM 3JieKXpHHeCKOM CBH3H 6jI0Ka 

(|)OpMHpOBaHHH H aHaJIHSa 3JieKXpHHeCKHX HMnyJTbCOB C 06paXHMbIM 

3JieKxpoaKycxHHecKHM npeo6pa30BaxejieM. 

15 CymHocxb H3o6pexeHH« saKJiioHaexcfl b xom, hxo BwnojiHeHHe 
npeflnaraeMoro ycxpoiicxBa BbimeonHcaHHbiM o6pa30M, no3BOJi«ex 
peajiH30Baxb Heo6xoAHMyK) nocneAOBaxejibHocxb onepai^HH, npH KoxopoH 
o6ecneHHBaexcH H3MepeHHe aniopw cKopocxefi noxoKa no ceneHHio xpy6bi, 
Mxo 3HaHHxenbHO noBbiiuaex xohhocxs HSMepenHK. 

20 KpoMe xoro, coBMemeHHe BHeuiHefi HSuynaiomeH noBepxHocxH 
Ka^ytoro 3JieKxpoaKycxHHecKoro npeo6pa30BaxejTa c BHyxpeHHeii 
noBepxHOCxbK) xpyGonpoBo^a HCKjiioHaex o6pa30BaHHe yrjiySjieHHH 
(«KapMaHOB»), HCKajKeHHH npo<^HJifl noxoKa m 3arp«3HeHHH. 

KpaxKoe onHcaHwe HepxoKefi 

25 Ha 4)Hr.l npe^cxaBXieHa KOHCxpyKUHH npeAJio>KeHHoro ycxpoiicxBa h 
ero 4)yHKUHOHajibHafl 6jiOK-cxeMa, Ha 4>Hr.2-4-BapHaHXbi pacnojio^CHHH 
3JieKxpoaKycxHHecKHX npeo6pa30BaxejTeH. 

JlyniUHM BapHaHx ocymecxBjieHH5i H3o6pexeHHM 
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yjiBTpasByKOBOH cnoco6 HSMepcHHH pacxoAa ^kh^khx h/hjih 

ra30o6pa3Hbix cpeA BKJiioHaeT HsnyneHHe yjibTpaaayKOBbix KOJie6aHHH no 
noTOKy HHH npoTHB noTOKa H3MepaeMOH cpeflbi, npHCM npome^inHX cp^jxy 
KOJie6aHHH c npeoSpasoBaHHCM b sjiexTpHHecKHe cHraajibi h 

5 3anbMHHaHHeM hx, HSJiyneHHe yjibxpasByKOBbix Kone6aHHH npOTHB noxoKa 
MJiH no noTOKy H3MepHeMOH cpejxhi, npncM npomcAiuHX cpeay KOJie6aHHH c 
nocjieflyioiUHM npeo6pa30BaHHeM b sjieKxpHHecKHe CHraajibi h 
sanoMHHaHHeM hx, a xaKJKe aHajiHS BbimeyKasaHHbix sjieKxpHHecKHx 
CHrnajioB ajih onpej^ejieniM pasHOCXH BpcMCHH npoxo^flCHHa 

10 yjibxpasByKOBbix KOJTe6aHHH no noxoKy h npoxHB Hero rjih BbiHHCJieHHH 
pacxoAa cpeAbi. 

CjieAyex oxMCXHXb, hxo npH sxom Hcnojibsyiox KaK MHHHMyM ^Ba 
o5paxHMbix 3JieKxpoaKycxHHecKHX npeo6pa30BaxejiH, KaMCAWH hs Koxopbix 
HMcex AHarpaMMy HanpaBJiCHHOCXH c yrjiOM pacxBopa ae Menee 60° b 

15 pasHbix ojiocKocxHx ceneHHH m pacnojiOHcen na HSMepHxejibHOM ynacxKe 
xpy6onpoBOAa xaKHM o6pa30M, hxo ocb flHarpaMMbi HanpaBJieHHOcxw 
npeHMyiqecxBCHHO nepnenflHKyjiHpHa k npo^ionbHOM och xpy6onpoBOAa, 
nepBbiH o6paxHMbiH 3JieKxpoaKycxH^ecKMH npeo6pa30Baxejib CMeuncH 
oxHOCHxejibHO Bxoporo no nanpaBJieHHio noxoKa na paccxo^HHe, He 

20 npcBbimaiomee 2,5 D, fac D - AHaiviexp xpy6onpoBOAa. 

npH 3XOM anajiHSHpyiox sjieKxpMHecKHe cHrnajibi, npeoGpasoBaHHbie 
ox ynbxpasByKOBbix KOJie6aHHH, npomeAiiiHX nanpaiviyio ox 
npeo6pa30BaxejiH k npeo6pa30BaxejiK>, h/hjih 3JieKxpHHecKHe cHrnajibi - ox 
yjibxpasByKOBbix KOJieSanHH, npomeAiiiHX nepea oflHOKpaxHoe h/hjih 

25 MHoroKpaxHoe oxpaHcenne ox BHyxpeHHen noBepxHOCXH xpy6onpoBOfla. 

yjibxpasByKOBoii pacxoAOMep coAep>KHX 6jiok 1 (i)opMHpoBaHHfl h 
aHajiHsa 3JieKxpHMecKHX HMnyjibcoB, 3JieKxpHHecKH CB^rsanHbiH, KaK 

MHHHMyM C AByMH o6paXHMblMH 3JieKXpOaKyCXHHeCKHMH 

npeo6pa30Baxeji>iMH 2 h 3, Ka>KAWH h3 Koxopbix HMeex AnarpaMMy 
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_,HanpaBjieHHocTH HSJiyHeHHH h npneMa c yraoM pacTBopa He Menee 
60^ B pasHbix nnocKOCTHx ceneHiiH h pacnojio^en na n3MepHTejibH0M 
ynacTKe 4 Tpy6onpoBOZia raicHM oSpaaoM, hto ocb 5 flHarpaMMH 
HanpaBncHHocTH npcHMymecTBeHHO nepncHflHKyjiHpHa k npoflOJibHoft och 
5 6 Tpy6onpoBOAa. 

TlepBbiH o6paTHMi>iH 3JieKTpoaKycTHHecKHM npeo5pa30BaTejiB 2 
CMemeH oTHOCHTCJibHO BTOpOFO HO HanpaBJieHHK) noTOKa Ha paccTOHHHe He 
6ojiee 2,5 D, rpfi D - AHaMexp Tpy6onpoBOAa, h Ka>Kfli>ifl h3 hhx 

3JieKTpHHeCKH CBHSaH C 6nOKOM 1 (^OpMHpOBaHHK H aHajiHsa 

10 ajieKTpHHecKHX HMnyjitcoB. 

BHeuiH^iH H3JiyHaK)maH nosepxHOCxb Ka>KAoro o5paTHMoro 
3JieKTpoaKycTHHecKoro npeoGpaaoBarejiH 2 h 3 npeHMymecTseHHo 
coBMemcHa c BHyxpeHHeH noBepxHOCXbio xpydonpoBOAa. 

IlepBbiH H BTopoH o6paTHMbie 3jieKTpoaKycTHHecKHe 

15 npeo5pa30BaTejiH 2 h 3 Moryx 6bixb pacnojiOHceHbi na oahoh oGpasyiomeH 
Tpy6onpoBOAa c o6ecneHeHHeM npoxoxcAeHHH HMnyjibca yjibxpasByKOBbix 
KOJie6aHHft ox oahofo k ApyroMy nocjie n-KpaxHoro oxpa^eHHH, rpfi n - 
uejioe HHCjio, ne npeBbimaiouuee «20», ox BnyxpeHHeH noBepxHocxH 
xpyGonpoBOAa. 

20 KpoMC xoro, nepsbiH h BxopoH o6paxMMbie 3jieKTpoaKycxHHecKHe 

npeo6pa30BaxeJiH 2 h 3 Moryx 6bixb pacnojio^Kenbi na pasHbix oGpaayiomHX 
xpy6onpoBOAa c oSecneneHHeM npoxo^AeHHJi HMnyjibca yjibxpasByKOBbix 
Kone6aHHH ox oahofo k ApyroMy nanpHMyio h/hjih nocjie m-KpaxHoro 
OTpa^KeHMH, FAe m - uejioe mhcjio, He npCBbimaiomee «20», ox BHyxpeHHeii 

25 noBepxHocxH xpy6onpoBOAa. 

Bjiok 1 4)opMHpoBaHHH H aHajiHsa sjieKxpHnecKHx HMnyjibcoB 

COAepHCHX KOHXpOJinep 7, 3JieKXpHHeCKH CB«aHHblft KaK MHHHMyM C AByMH 

KaHajibHbiMH npHeMonepeAaxHHKaMH 8 h 9, AByMM AUTl 10 h 11, 
renepaxopoM HMnyjibcoB 12, HHAHKaxopoM 13 h ysjioM 14 HHxep4)eHca. 
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B KanecTBe KOHxpojinepa 7 mokct Gbits HcnojitaoBaH 
CTaHAapTH&iH UH4)poBOH npoueccop o6pa6oTKH cHraajioB <^HpMbi 
«MoTopojia» THna DSPS 6309. KanajiBHwe npHeMonepeAaxHMKH 8 h 9 
npejaiHasHaHeHbi j^jih npneMa h ycHJieHHH sjieKxpHHecKHx CHraajiOB ox 
5 reHepaxopa 1 2 h o6paxHMi>ix sjieKxpoaKycxHHecKHX npeo6pa30BaxejieH 2 h 
3. B KanecTBe ysjia 14 HHTep4)eHca MO^ex 6bixb HcnojibsosaHa 
MHKpocxcMa MAX 1480, ^npuhi «MAXIM». 

FeHcpaxop 12 HMnyjiscoB 3JieKxpHHecKH CBH3aH c KanajibHsiMH 
npHeMonepeaaxHHKaMH 8 h 9, Ka^flBift H3 Koxoptix BsaHMOCBHsaH c 

10 COOXBeXCXByiOIUHM AUn 10 H 1 1 H C COOXBeXCXSyiOmHM BXOflOM-BblXOflOM 

15-1 H 15-2 3JieKxpHHecKOH CBH3H GjioKa 1 4)opMHpoBaHHH H aHajiHsa 

3JieKXpHHeCKHX HMnyjIbCOB C COOXBCXCXByiOmHM o6paxHMbiM 

3JieKxpoaKycxHHecKHM npeo5pa30BaxejieM 2 h 3. 

YcxpoHCXBO coflep>KHx 6jiok nHxaHHM (na 4)Hr.l oxcyxcxByex), 
15 KoxopbiH MO>Kex 6bixb pacnojio^eH KaK b 6jiOKe 1 (|)opMHpoBaHH^ h 

anajTMBa 3JieKxpH»iecKHX HMnyjibcoB, xaK h bhc ero. 

B KanecxBe o6paxHMbix 3neKxpoaKycxHHecKHX npeoGpasoBaxeneft 

Moryx 6bixb HcnojibsoBaHbi npeoGpasoBaxejiH cepHH MA40 nnoHCKOH 

(|)HpMbi «MURATA». 
20 ycxpoiicxBO pa6oxaex cjieAyiomHM o6p2i30M 

CorjiacHO nporpaMMe, sanHcaHHOM b TISV KOHXpojiJiepa 7, 

sanycKaexcH reHepaxop 12, c oziHoro h3 BbixoAOB Koxoporo 

npflMoyrojibHbie HMnyjibCbi nocxynaiox na bxor KanajibHoro 

npMCMonepeflaxHHKa 8, c Bbixo^a KOXoporo ycMjieHHbifi sjieKxpMHecKHH 
25 cHFHaji nocxynaex na o6paxHMbiH 3JieKXpoaKycxHHecKHH npeo6pa30Baxejib 

2. IlocjieAHHH H3;iyHaex yjibxpasByKOBbie KOJie6aHHH c AHarpaMMOM 

HanpaBJieHHOCxH, HMeiomeH yron pacxBopa He Menee 60® b pasHbix 

nnocKOCXiix ceHeHHH. 
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CjieflyeT otmcthts, hto h3 Bcero nyHKa yjiLTpasByKOBMx 
KOJTe6aHHH npeo6pa30BaTejM 2 (3), HMeiomero yroji pacTBopa AwarpaMMBi 
HanpaBJieHHOCTH b pasH&ix nnocKocxHX ceneHHH a> 60®,HcnojiB3yioT jihiul 
Te JiyHH, KOTOpbie nonajEiaiOT Ha npeoepasoBaxejib 3 (2) nanpHMyio hjih 
5 nocjie «n» hjih «m» KpaxHoro oxpa^eHMH ox BHyxpeHHeii noeepxHocxH. 
yjibxpasByKOBOM CHFHaji, npomefliUMM no noxoKy H3Mep>ieM0H cpeflbi c 
oflHOKpaxHbiM oxpa^ceHHCM Jiyna 16, nocxynaex na npeo6pa30Baxenb 3, c 
BMxoAa Koxoporo ancKxpHHecKHH CHrnaji nocxynaex na KanajisHbiH 
npHCMonepeziaxHHK 9, Koxopbiii ycHJiHBaex 3xox cHraaji h nepeaaex na 

1 0 AUn 11. C BbixoAa Aljn 1 1 oqH(^poBaHHbiH CMPHajr nocxynaex na 
KOHxpojTJiep 7 H coxpaHHexcM b ero onepaxHBHOH naMHXH. AnajiorHHHO 
nocjie nocxynjieHHH HMnyjibcoB c renepaxopa 12 na Bxopofi KanajibHbiH 
npHCMonepeAaxHHK 9 h c ero Bbixo^a na oSpaxHMbiM 3JieKxpoaKycxHHecKHH 
npeoSpasoBaxejib 3 npoHcxoflHX HSJiyneHHe ynbxpasByKOBbix KOJieGanHH 

15 npoxHB noxoKa H3MepHeMoii cpe^bi h hx nocxynjieHHe no o6paxHOMy nyxH 
jiyna 16 na aneKxpoaKycxHHecKHM npeo6pa30Baxejib 2. 

C BbixoAa nocnejiHero sjieKxpHHecKHe CHraajibi Hepe3 bxo^i-bwxoa 
15-1 H KanajibMbiH npHeMonepe^axHHK 8 nocxynaiox na AUn 10 h aajiee b 
03y KOHxpojiJiepa 7. B KonxpojiJiepe 7 npoH3BOAHXc^ anajTHs npHHHXbix 

20 3JieKxpHMecKHX cMPHajioB flJiM onpe^iejieHH>i pasHocxH BpeMCHH 
npoxoHCfleHHH yjibxpa3ByKOBbrx KOJie6aHHH no noxoKy h npoxHB Hero. Do 
3XOH pa3HocxM BbiHHCJi>nox pacxoj^ ^HflKHX h/hjih ra30o6pa3Hbix cpeA. Ha 
HHAHKaxope 13 oxoGpa^caioxcn pesyjibxax M3MepeHHH pacxo;ia cpeflbi, a 
xaK>Ke pasHHHHbie xexHOJiorHHecKHe napaMexpbi. y3eji 14 HHxep4)eHca 

25 cjiy^HX ^JiH nepcAaHH flaHHbix c pacxoAOMepa bo BHeiiiHioio cexb. 

B npeflaaracMOM pacxoAOMepe HsnynaiomHe h npneMHbie 
noBepxHOcxH yjisxpasByKOBbix npeo6pa30BaxejieH 2 h 3 MaKCHMajibHO 
coBMeiueHbi c BHyxpeHHeM noBepxHOCXbio H3MepHxejibHoro ynacxKa 4 
xpy6onpoBOfla h ycxanoBJieHbi napajiJiejibHO och 6 xpy5onpOBOAa, hxo 
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HCKJiioHaeT o6pa30BaHHe yrjfiy6jieHHH («KapMaHOB») h 

HCKa)KeHHH npo4)HJW! noTOKa. 

npej^jiaraeMaa KOHCxpyKUHa HMeex h j^pyroe npcHMymecTBo: h3 
OAHoro nyHKa yjibTpasByKOBoro HMnyj^sca BbiAeji^iOT n-jiyneH, Koropwe 
5 npoxoAHT n-nyxcH c pasHsiMH aa^ep^KaMH bo BpeMeHM OTHOCHxejibHO 
nocjiaHHoro CHraajia, npH 3tom peajiHsjooTcn n-KaHajioB HSMepeHM, hto 
no3BOJMeT ocymecTBHTfc SoJiee tohhoc H3MepeHHe pacxoAa. B 
pacxoflOMepe c aByun npeoSpasoBaxejiHMH 2 h 3, ycxaHOBJieHHbiMH Ha 
oGpasyiomeft xpy6onpoBOfla c paccxoHHHeM Apyr ox flpyra, HanpHMep, 1 .4 

10 D, r^e D-AMaMexp xpy5onpoBOfla, nepBbiM npH^ex no KpaxnaHiiieMy nyxH 
Jiyn 17, oxpajKCHHbiH ox npoxHBonojio^KHOH cxchkh xpy6onpoBoaa, 
BxopbiMH npHj^yx flBa Jiyna 18, npouiefliuHe no xpeM xop^aM c abohheim 
oxpaHceHHCM ox CXCHKH xpy6onpoBOAa, npH 3xom oahh m3 hhx noH^ex no 
nacoBOH cxpejiKe, BXopoH- npoxHB. KoHxpojiJiep 7 no c^BHry BpeivieHH 

15 Mcxcfly HHMH BBiHHcnaex nonepeHHBie cocxaBJi^iomHe noxoKa. HexBepxbiM 
H nOTbiM npMflyx nyHH, npomefluiHe nexbipexKpaxHoe oxpa^ccHHe ox cxchok 
xpy5onpoBozia, h x.;^. Yroji pacxBopa, paBHWH h npeBbiinaiomHH 60°, 
Bbi5paH flJiH xoro, Hxo6bi o6ecneHHXb npoxo^KfleHwe JiyneH 17 h 18 ox 
npeo6pa30Baxejia 2(3) k npeo6pa30BaxejiK) 3(2) no xop^aivi c flBOHHbiM h 

20 6oJiee oxpa«eHHeM. 

C nOMOmbK) KOHXpOJlJiepa 7 BblHHCJIHIOX CKOpOCXb B paSJIHHHblX 

ceneHH^x xpy6onpoBOfla, onpeaejiHiox aniopy noxoKa, yHwxbiBaiox cxenenb 
3aKpyxKH noxoKa h c MHHHMajibHoii norpeuiHocxbfo onpe^eji^iox pacxofl 
cpeflbi. 

25 B cjiynae ycxanoBKH nexbipex yjibxpasByKOBbix npeo6pa30BaxejieH 

2,3,19,20 (4)Hr.4) KonnnecxBo HSMepHxenbHbix KananoB Bospacxaex. Bbi6op 
Mecxa B3aHMHoro pacnojio^KenHH ynsxpassyKOBbix npeo6pa30Baxe;ieH 
2,3,19,20 onpe/iejTHexc^ SKcnepHMenxajibHO h sasHCHX ox ocoSeHHOcxeii 
noxoKa HSMep^CMOH cpeflbi. 
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ripOMBIUIJieHHaH npHMeHHMOCTb 

MsjiOMceHHbie npewMymecTBa npefljiaracMbix xexHHHecKHX peiueHHH 
o6ecneHHBaK)T hm BosMO^HOCxb uiHpoKoro npoMbiiujieHHoro 
HcnonbsoBaHHH b o6jiacTH HSMepHTenbHoft tcxkhkh ajih H3MepeHH« 
5 pacxofla jkhakhx h/hjih ra30o6pa3Hbix cpeA h mohcct 6biTb HcnojibsoBaHO 
npH pa3pa6oTKe paajiHHHoro XHna yjibxpaaByKOBbix pacxoAOMepoB. 
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OOPMYJIA H30BPETEHHH 

1. YjibTpasByKOBOH cnoco5 HSMepeHM pacxojDia ^hj^khx h/hjih 
ra30o6pa3HBix cpe^, xapaKxepHsyiomHHCH TeM, hto oh BKJuoHaex 
5 HSJiyneHHe yjibTpaasyKOBbix KOJTe6aHHH no noTOKy hjih npoxMB noxoKa 
HSMepneMOH cpeflbi, npneM npoiue^niHX cpejoiy K0Jie6aHHH c 
npeo6pa30BaHHeM b sjieKxpHnecKHe CHrnajiw h HsnyneHHe 
yjibxpa3ByKOBbix K0Jie6aHHH npoxHB noxoxa hjih no noxoxy HSMepneMOH 
cpe^iBi, npneM npomefluiHx cpeAy Kone6aHHH c nocjie/iyioinHM 

10 npeo6pa30BaHHeM b ajiexxpHHecKHe cHrnajibi, anajiHS BbimeyKaaaHHBix 
3JieKxpHHecKHX CHXHajiOB onpeflejieHHH pasHOCxH BpeMenn 

npoxojKAeHHJi yjibxpasByxoBbix xojieSaHHH no noxoxy h npoxHB nero ajih 
BBiHHCjieHHH pacxofla cpeflbi, npn sxom Hcnojisayiox xax MHHHMyM ana 
o6paxHMbix 3JiexxpoaKycxHHecxHX npeo6pa30BaxejiK, Ka>KZ(biH h3 Koxopsix 

15 HMeex flHarpaMMy HanpaBJiCHHocxH c yrjioM pacxBopa ne Menee 60° b 
pa3Hbix njiocKocxHx ceneKHH h pacnojio^xeH na HSMepHxejibHOM ynacxxe 
xpySonpoBOfla xaxHM o6pa30M, hxo ocb AnarpaMMbi nanpaBJieHHOcxH 
npeHMymecxBeHHO nepneHflHKyjiHpna x npoflOJibHOw och xpy6onpoBOfla, 
nepBbiH oSpaxHMbiH sjieKxpoaKycxHHecKHH npeo5pa30Baxejib cMcmen 

20 oxHocHxejibHo Bxoporo no HanpaBJiennio noxoxa na paccxoHHHe ne Sojiee 
2,5 D, r^e D — flHaMexp xpy6onpOBOfla, npHMCM BbimeynoMHnyxbifi anajiHa 
npoH3BOAaT xax 3JiexxpHHecxHx cHrnajioB, npeo6pa30BaHHbix ox 
yjibxpasByxoBbix xone6aHHH, npomefliuHX nanpHMyio ox npeoGpaaoBaxejiH 
X npeo6pa30BaxejiK), xax h/hjih 3JiexxpHHecxHx CHrnajiOB - ox 

25 yjibxpasByxoBbix . xojieSaHHH, npouieAuiHX nepes oflHoxpaxHoe h/hjih 
MHoroxpaxHoe oxpa^KCHHe ox BHyxpeHHCH noBcpxHOCXH xpy6onpoBOAa. 

2.yjibxpa3ByxoBOH pacxoflOMep, xapaxxepHsyiomnncH xeM, 

HXO OH COaep>KHX 6j10X ^^OpMHpOBaHH^ H aHaJIHSa 3JieKXpHHeCKHX 
HMnyjIbCOB, 3JieXXpHHeCXH CBHSaHHblH, xax MHHHMyM C RSyMR 
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o6paTHMbiMH 3JieKTpoaKycTHHecKHMH npeo6pa30BaTenHMH, KayKfffim 

H3 KOTOpBIX HMCeT AHaipaMMy HanpaBJieHHOCTH H3JTyHeHHH H npHCMa c 

yrjioM pacTBopa ne Menee 60° b nnocKOCXHX ceneHUH h pacnojio^CH Ha 
H3MepHTejTbHOM yHacTKc xpyGonpoBOAa xaKHM o6pa30M, hto ocb 
5 flMarpaMMbi nanpaBJieHHOCXH npeHMymecTBCHHO nepneHAHKyjiHpna k 
npOflOJibHOH OCH Tpy6onpoBOAa, nepBWH o6paTHMbiH 
3JieKTpoaKycTHHecKHM npeoGpasoBarejib CMemen OTHocHxeJibHO BToporo 
no HanpaBJieHHK) noxoKa Ha paccxoHHHe ne 6ojiee 2,5 D, r^e D - ^naMexp 
xpyGonpoBOAa, npHHCM BHeuiHHH HSJiynaiomaH nosepxHOCxb Ka^Aoro 
10 o6paxHMoro 3JieKxpoaKycxHHecKoro npeo6pa30BaxejiH npeHMymecxBCHHO 
coBMemena c BHyxpeHHeii noBcpxHocxbio xpySonpOBO^a. 

3. yjTbxpa3ByKOBOM pacxoflOMep no n,2 ,xapaKxepM3yiomHHC^ 
xcM, Hxo nepBbiH H BxopoH o6paxHMbie 3JieKxpoaKycxHHecKHe 
npeoSpasoBaxejiH pacnojio^CHW na ojihovl oGpasyiomeH xpy6onpoBOfla c 

15 o6ecneHeHHeM npoxo^AeHHH HMnyjibca yjibxpassyKOBbix KOJie6aHHH ox 
OAHoro K flpyroMy nocjie n-KpaxHoro oxpancenHH, r^e n - qejioe hhcjio, He 
npeBbimaiomee 20, ox BHyxpeHHeii noBepxHocxH xpy6onpoBOAa. 

4. yjibxpa3ByKOBOH pacxoAOMep no n.2 ,xapaKxepH3yK)mHHCH 
xeM, Hxo nepBbiH h Bxopofi 66paxHMbie sneKxpoaKycxHHecKHe 

20 npeo6pa30BaxejiH pacnojioHccHbi na pasHbix o6pa3yK)mHX xpy6onpoBOAa c 
o6ecneMeHHeM npoxo^AeHHH HMnyjibca ynbxpasByKOBbix KOJie5aHHft ox 
oflHoro K apyroMy nanp^Myio h/hjih nocjie m-KpaxHoro oxpa>KeHHH, r^e m 
- uejioe HHCJIO, He npeBbimaiomee 20, ox BHyxpenneH noBepxHocxH 
xpy6onpoBOfla. 

25 5,yjibxpa3ByKOBOH pacxoflOMep non.2,xapaKxepH3yK)mHHC^ 

XeM, HXO 6j10K (|)OpMHpOBaHHH H aHajIH3a 3JieKXpMHeCKHX HMnyJIbCOB 
COACp^HX KOHXpOJinep, 3JieKXpHHeCKH CBH3aHHbIH KaK MHHHMyM C flByMH 

KanajibHbiMH npHeMonepeAaxHHKaMH, AByMH AUn, renepaxopoM 
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HMnyjibcoB, HHAHKaxopoM H ysjioM HHTep4)eHca, npHHeM reHcpaxop 
HMnyjibcoB 3JieKTpHHecKH CBHsaH c KaHajibHbiMH npHeMonepeAaxHHKaMH, 

Ka>KflMH H3 KOTOpBIX B3aHM0CBfl3aH C COOTBCTCTByiOmHM AUIl H C 
COOTBeXCTByiOmHM BXOflOM-BblXOflOM 3JieKTpHHeCKOH CBH3H 6jlOKa 
5 4)OpMHpOBaHHH H aHaJIHSa 3JieKXpHHeCKHX HMnyJIBCOB c o6paxHMi>iM 

3JieKxpoaKycxHHecKHM npeoGpaaoBaxejiCM. 
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